Background: A reduction in medical staff such as occurs in hospitals during nights and weekends (off hours) is associated with a worse outcome in patients with several unanticipated critical conditions. Although difficult airway management (DAM) requires the simultaneous assistance of several appropriately trained medical caregivers, data are scarce regarding the association between off-hour presentation and endotracheal intubation (ETI)-related adverse events, especially in the trauma population. The aim of this study was to determine whether off-hour presentation was associated with ETI complications in injured patients with a predicted difficult airway. Methods: This historical cohort study was conducted at a Japanese community emergency department (ED). All patients with inhalation burn, comminuted facial trauma (Abbreviated Injury Scale Score Face ≥3), and penetrating neck injury who underwent ETI from January 2007 to January 2016 in our ED were included. Primary exposure was off-hour presentation, defined as the period from 6:01 PM to 8:00 AM weekdays plus the entire weekend. The primary outcome measure was the occurrence of an ETI-related adverse event, including hypoxemia, unrecognized esophageal intubation, regurgitation, cardiac arrest, ETI failure rescued by emergency surgical airway, cuff leak, and mainstem bronchus intubation. Results: Of the 123 patients, 75 (61.0 %) were intubated during off hours. Crude analysis showed that off-hour presentation was significantly associated with an increased risk of ETI-related adverse events [odds ratio (OR), 2.5; 95 % confidence interval (CI), 1.1-5.6; p = 0.033]. The increased risk remained significant after adjusting for potential confounders, including operator being an anesthesiologist, use of a paralytic agent, and injury severity score (OR, 3.0; 95 % CI, 1.1-8.4; p = 0.034).
Background
Human resources play a very important role in difficult airway management (DAM). In DAM algorithms advocated by several professional anesthesiology societies, the "call for help" is a common first step and the most important action [1] [2] [3] . Jaber et al. recently reported that the presence of backup staff was independently associated with a reduced risk of complications related endotracheal intubation (ETI) performed in the intensive care unit (ICU) [4] .
A shortage of medical staff is one of the most serious healthcare problems in Japan, especially in the provinces [5] . Moreover, at most medical institutions, including our own, staffing levels dramatically decrease during off hours; i.e., nights and weekends. At these times, not only is in-house, experienced back-up coverage less available [6] , but staff performance may be impaired because of fatigue and disrupted circadian rhythms [7] . Off-hour presentation was reported to be associated with adverse outcomes in patients with unanticipated critical conditions requiring aggressive intervention, including cardiac arrest [8] , myocardial infarction [9] , ruptured aortic aneurysm [10] , and stroke [6] . In a previous study, we found that emergency department (ED) presentation during off hours was associated with a longer ED stay, but not an increase in mortality for severely injured patients requiring emergency trauma surgery [5] .
ETI is a common and critical intervention in the ED. However, studies on the association between off-hour presentation and ETI-related adverse events in the ED or other settings are limited [11] [12] [13] , and, to the best of our knowledge, none have examined the association between off-hour presentation and ETI-related complications in trauma patients with a predicted difficult airway, such as those with inhalation burn, comminuted facial trauma, and penetrating neck injury. Because the consequences of DAM can be catastrophic [14] [15] [16] , such studies are urgently needed. Thus, we sought to clarify whether off-hour presentation was associated with ETIrelated adverse events in injured patients with predicted DAM scenarios.
Methods

Study design and setting
This was a historical cohort study conducted at Ohta Nishinouchi Hospital, a community hospital in a provincial Japanese city located approximately 200 km north of Tokyo. The hospital serves as a teaching facility and a referral medical center. Annually, it receives over 1200 trauma patients with injuries of varying severity and from areas within a 50-km radius. A more detailed ED census, including ETI occurrence and overall ETI success rate during 2007 to 2016, is available in the Additional file 1.
As a typical community hospital in Japan, the staffing level of our facility declines significantly during off hours. During business hours on weekdays, the facility has more than 120 in-house physicians, including residents, while at night and on weekends there are fewer than 10 in-house physicians. In the ED, during business hours two or three attending ED physicians and two or three residents (postgraduate year 1 or 2) take part in the initial management of trauma patients, but during off hours one attending ED physician and one resident are present. Attending ED physicians are primarily responsible for airway management in severe trauma patients.
As previously described [17, 18] , most Japanese EDs including our own operate according to a multispecialty staffing model. For example, in our hospital ED physicians receive their principal training in surgery or anesthesia and then undergo additional training in emergency medicine. Therefore, there are two ETI expertise levels of ED physicians in our facility. ED physicians with a background in surgery have a minimum of 4 years' clinical experience. Before starting ED shifts, they must complete at least 3 months of airway management training in the operating room and experience at least 60 ETIs. ED physicians with a background in anesthesiology have a minimum of 4 years' clinical experience before entering the ED shift. They are involved in approximately 300 ETIs annually involving the full spectrum of difficult airway situations such as head and neck surgery, pediatric anesthesia, and differential lung ventilation.
If DAM is encountered, backups provided by, for example, head and neck surgeons and anesthesiologists are immediately available in-house during business hours, but in most cases only from outside the hospital during off hours. A standard operating procedure for ETI [19] , such as unified DAM equipment set-up, pre-ETI assessment, and post-intubation care with end-tidal CO 2 detection, has not yet been established in our ED.
Participants and data sources
The study was approved by the Institutional Review Board at Ohta Nishinouchi Hospital (No.14_H27) and included all trauma patients with a predicted difficult airway who underwent emergency ETI in our ED from January 1, 2007, to January 1, 2016. Injured patients with predicted difficult intubations were defined as those with 1) inhalation burn; 2) penetrating neck injury, and 3) comminuted facial trauma [Abbreviated Injury Scale Score (AIS) Face ≥3]. The exclusion criteria were: patients who received ongoing cardiopulmonary resuscitation on ED arrival; pediatric patients (age < 18 years); patients whose initial ETI attempt was by a junior resident; and patients who underwent nasal intubation, surgical airway as an initial intubation attempt, or an alternative technique such as video laryngoscopy, and fiber optic intubation.
Data were collected from an electronic database on trauma and quality assurance, ED records, and nursing records. Our ED maintains a rigorous peer-review process to ensure the quality of our trauma practice. Life-threatening ETI-associated adverse events, such as cardiac arrest after ETI attempt, failed intubation salvaged by emergency surgical airway, and esophageal intubation with delayed recognition, occurring in our ED are peer reviewed, confirmed by experienced ED physicians, and recorded in the quality assurance database without delay. This database also records injury severity as represented by the AIS of each body region, the Injury Severity Score (ISS) [20, 21] , the Revised Trauma Score (RTS) [22, 23] , and the probability of survival (Ps), which is based on the Trauma and Injury-Severity Scores method [24] [25] [26] . ISS, RTS, and Ps were scored without delay by one of the authors (KS). The ISS was scored based on anatomical information obtained by physical examination, X-ray, computed tomography, and operative findings. RTS was scored based on vital signs measured immediately after ED admission. Comorbidity was described using the Charlson comorbidity index [27, 28] , which is a weighted index of the number of serious comorbidities on a scale from 0 (no comorbid disease) to 8 (serious comorbid disease). Charlson comorbidity index was scored retrospectively by author YO. Our department uses a structured ED record that includes the patient's age, sex, initial vital signs on ED arrival, time course, medical history, detailed history of the present condition, physical examination, laboratory data, radiological findings, final diagnosis, and any adverse events in the ED. All physicians who participate in the management of ED patients are required to complete the form immediately, and an ED director at our hospital (KS) checks all medical records to verify the completeness and reliability of the data at the earliest possible opportunity. As specified in several professional anesthesiology societies' guidelines [1] [2] [3] , documentation of details of the airway difficulty in the ED record is strongly encouraged in our ED to provide relevant information on ETI-related adverse events. Nursing records include information on the laryngoscopist, the number of ETI attempts, the medication used to facilitate ETI, and the patient's vital signs after ETI attempts. Correct endotracheal tube placement is verified based on clinical findings, such as tube fogging, chest rise, and auscultation, with secondary confirmation by capnometry performed at the discretion of the attending ED physicians. In our ED, a chest X-ray or computed tomography scan is routinely taken after tube placement to detect mainstem bronchus intubation.
Exposures and outcome measurement
The primary exposure was presentation to the ED during off hours. For consistency with our own studies and those of other researchers [5, 29] , off hours were defined as the period from 6:01 PM to 8:00 AM weekdays plus the entire weekend, and business hours as the period from 8:01 AM to 6:00 PM weekdays.
The primary outcome measure was a composite of ETI-associated adverse events, including hypoxemia, esophageal intubation with delayed recognition, recorded regurgitation, cardiac arrest immediately after ETI attempt, ETI failure rescued by emergency surgical airway, cuff leak requiring intubation, and mainstem bronchus intubation. Hypoxemia was defined as a decline in pulse oximetry saturation > 10 % from baseline during ETI attempts, not as a result of esophageal intubation [30] . Esophageal intubation with delayed recognition was defined as misplacement of the endotracheal tube in the upper esophagus or hypopharynx, with time elapsed and desaturation (>10 % decline in saturation on pulse oximetry) [30] [31] [32] . Recorded regurgitation was defined as the immediate peri-induction of gastric contents at the glottis opening or in the endotracheal tube, clearly documented in the ED or in the nursing records [30] [31] [32] . Cardiac arrest immediately after ETI attempt included asystole, bradycardia, or dysrhythmia without measurable blood pressure and requiring cardiopulmonary resuscitation during or immediately after the ETI attempt [31, 32] . If ETI was impossible after anesthesia induction and required salvage surgical technique, then the event was classified as ETI failure rescued by emergency surgical airway [16] . Mainstem bronchus intubation was determined on a chest X-ray or computed tomography scan taken immediately after the ETI procedure. Some previous studies have included hemodynamic parameters, such as hypertension and hypotension in their definition of ETIrelated complications [11, [13] [14] [15] [30] [31] [32] . However, for consistency with the more recent literature [12, 33] , we chose not to include hemodynamic data because it is difficult to distinguish ETI-related hemodynamic perturbations from underlying trauma-based etiologies. To minimize bias, information on the presentation time was masked during the verification and analysis of ETIrelated complications.
Statistical analysis
First, the differences in the baseline clinical characteristics of trauma patients with a predicted difficult airway who were treated during off hours vs. business hours were evaluated. Differences in continuous variables, including age and vital signs, between the two groups were compared using Student's t-test after first verifying the normal distribution of the data by the ShapiroWilk test; otherwise, the Mann-Whitney U-test was used. Differences in the Glasgow Coma Scale score, AIS, and ISS between the two groups were compared using the Mann-Whitney U-test. Differences in categorical variables, including sex, mortality, indication for ETI, and ETI method used, between the two groups were compared using Fisher's exact test.
A crude odds ratio (OR) was then calculated to estimate the relative risks of ETI-related adverse in injured patients during off hours, using a 2 × 2 contingency table. Fisher's exact test was used to produce p values.
Potential confounders, including operator's specialty (anesthesiologist or not), ISS, and use of a paralytic agent were adjusted for using multivariate logistic regression analysis, yielding an adjusted OR for ETI-related adverse events for off-hour presentation as first exposure. A set of potential confounders was chosen based on previous information (operator with anesthesiology background [15, 30, 34, 35] , anatomical severity [20, 21] , and use of paralytic agent [36] [37] [38] [39] ).
To determine whether ETI-related complications increased the mortality of injured patients, independent of age and ISS, a second logistic regression model was constructed.
A variance-inflation factor was used to detect multicollinearity and the model's fit was verified using the Hosmer-Lemeshow test. All statistical analyses were performed using SPSS Statistics for Windows, Version 22.0 (IBM Corp., Armonk, NY, USA). A p value < 0.05 was considered to indicate statistical significance.
Sample size
During the planning of this study, a power analysis was performed using G*Power 3 for Windows (Heinrich Heine University, Düsseldorf, Germany). To our knowledge, no previous study has examined the association between the presentation time and ETI-related adverse events in the population of interest in this work; therefore, we referred to previous studies conducted in similar settings (ICUs receiving mixed critical cases, including trauma, acuteonset medical conditions, and post-operative patients [4, 11, 15] ) to calculate the effect size. Based on the assumption that 40 % of the patients who underwent emergency ETI during business hours experienced adverse events [4, 11, 15] , a sample size of 73 patients per group would provide 80 % statistical power to detect a 20 % primary outcome difference at a two-tailed α of 0.05.
Results
During the 108-month study period, 11,458 trauma patients were brought to the ED, of whom 595 had a predicted difficult airway, including 142 who required ETI in the ED. The 19 patients who underwent initial airway management by emergency surgical airway or an alternative intubation technique were excluded. The remaining 123 patients were included in the analysis. Of these patients, 48 (39.0 %) were admitted to the ED during business hours and 75 (61.0 %) during off hours (Fig. 1 ). There were no missing data. Table 1 compares the clinical demographics by presentation time. The median age of patients requiring ETI was 59 years, and approximately two-thirds were male. Other than AIS Chest and AIS External, there were no differences in the clinical characteristics of the patients seen during business hours and off hours, including anatomical and physiological severities, comorbidity score, trauma etiologies, and survival. Table 2 summarizes the characteristics of emergency airway management in patients with a predicted difficult airway. An anesthesiologist is more likely to have performed ETI during business hours (p = 0.003). There were no differences between the time of presentation and either the ETI method or the induction agent used. Table 3 shows the detailed distribution and crude analysis of ETI-related adverse events during business hours and off hours. Overall, 35.0 % of the study population experienced ETI-associated adverse events, among which mainstem bronchus intubation was the most common. Patients who received emergency ETI during off hours were at increased risk for a composite of adverse events [crude OR, 2.5; 95 % confidence interval (CI), 1.1-5.6; p = 0.033]. The increase in absolute risk associated with off-hour presentation for all adverse events was 19.8 % (95 % CI, 2.5-33.9).
The results of the multivariate logistic regression analysis for ETI-related adverse events are shown in Table 4 . The increased-risk associated with off-hour presentation remained statistically significant after adjusting for the potential confounding factors of operator being an anesthesiologist, use of a paralytic agent, and ISS (adjusted OR, 3.0; 95 % CI, 1.1-8.4; p = 0.034). A second multivariate logistic regression analysis for patient mortality showed that ETI-related complications did not affect mortality, independent of age and ISS (Table 5) .
Multicollinearity was not detected (variance-inflation factor < 1.1 for each explanatory variable of each model), and the Hosmer-Lemeshow test verified the good fit (p > 0.05) of each logistic regression model.
Discussion
In this analysis of trauma patients with a predicted difficult airway who were treated at a typical community ED in Japan, severe ETI-related adverse events were common and associated with off-hour presentation. These findings highlight the need for care providers to be more vigilant in treating patients with inhalation burn, severe facial injury, and penetrating neck trauma who come to the ED during off hours and require advanced airway management.
This study presents objective evidence for an association between presentation time and ETI-related adverse events in injured patients with a predicted difficult airway. Off-hour presentation was significantly associated
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Inhalation burn: n =48 Comminuted facial trauma*: n =17 Penetrating neck injury: n =10 with an increased risk of ETI-related adverse events, independent of anesthesiology specialty, ISS, and use of paralytic agents. There are three plausible explanations for this finding. First, given that DAM in severely injured patients requires the simultaneous assistance of several appropriately trained caregivers, the reduced staffing level during off hours may negatively affect airway management performance. In the DAM algorithms advocated by several professional anesthesiology societies [1] [2] [3] , the common first step is the "call for help." Limited help during nights and weekdays is one of the greatest disadvantages in DAM and the resulting scenario is very unlike that during business hours. Second, there is a general trend that medical providers who work in hospitals during off hours have less seniority [40, 41] and experience than those who work during business hours. Supervision by experienced clinicians also tends to be less available [6] . Schmidt et al [33] recently reported that supervision by expert providers was associated with a decreased incidence of complications during emergent ETIs. A national survey performed in the UK [16] found that at least some of the fatal airway management complications in EDs or ICUs occurred during off hours and were associated with a lack of adequate manpower and supervision. Third, the mood, cognitive performance, and psychomotor function of medical staff can be impaired during off hours by fatigue and disrupted circadian rhythms [7, 42] . We and other researchers [5, 43] previously found that severe surgical complications, including missed major trauma and postoperative hemorrhage, increased during off hours. Taken together, these data suggest the need for extreme care when the management of a difficult airway during off hours is unavoidable. In the present study, 35.0 % of the injured patients with a predicted DAM scenario experienced severe ETIrelated adverse events. This high rate is comparable to the rates determined in previous studies conducted in a different setting or patient population [15, 32] . To reduce life-threatening complications, a standard operating procedure for ETI [19] should be implemented. Jaber et al. [4] recently reported that after the introduction of an "intubation bundle" including the routine use of capnometry, ETI-related complications in critically ill patients were significantly reduced. According to Berkow et al. [44] , after implementation of a comprehensive DAM program including standardized equipment preparations, the need for emergency surgical airway decreased. In many Japanese EDs, including our own, procedural preferences for ETI varies greatly [17] , and such a standardized procedure is lacking.
Consistent with previous reports [45, 46] , severe trauma presentations were common in our ED during off hours. As a result, the ED staff were frequently confronted with difficult airways when human resources were suboptimal. To address this issue, the system for hospital-wide DAM coverage during nights and weekends must be improved, including changing physician call schedules to ensure consistent care [46] . The UK national survey also proposed [16] that every hospital should have in-house DAM backup coverage during off hours.
To date, few studies have examined the effects of offhour presentation on ETI-related complications, and the results have been conflicting [11] [12] [13] . In their retrospective observational study of a single pediatric ICU, Carroll et al. [11] found that ETI-associated adverse events were significantly increased during off hours. In a study of nine ICUs in France, Jaber et al. [13] found that the occurrence of life-threatening ETI complications did not differ between off hours and business hours. Martin et al [12] analyzed their university-hospital registry of 3423 emergency airway management situations occurring outside the operating room and found no evidence of an association between off hours and airway-related complications. Our study focused on DAM in trauma patients, including those with inhalational burn, comminuted facial trauma, and penetrating neck injuries. Because airway management of these high-risk population requires the simultaneous involvement of several medical caregivers, the consequences of reduced staffing during off hours may be more apparent in these situations. A specialized trauma care system, including the concentration of patients, medical staff, and other human resources into level I trauma centers [47] , has yet to be implemented throughout Japan. For example, most Japanese community hospitals, including our own, do not comply with the American College of Surgeons standards for a level I [47] , or even a level II, trauma center [47] . The discrepancies between our findings and those of previous studies may reflect differences in the studied patient population, the medical setting, standard operating procedure for ETI, the healthcare systems, or interactions between these factors.
Based on the findings of this study, we speculate that the risk of severe ETI complications during off hours can be increased in other high-risk patients, such as those with epiglottitis. The outcome of trauma patients with a difficult airway who undergo ETI at a level I trauma centers within a more fully developed trauma care system equipped with a high concentration of medical resources may differ. Our observations should encourage further studies of other high-risk populations or other settings.
Limitations and strengths
This study had four major limitations. First, its retrospective nature may have increased the risk of bias, including self-reporting, recall, and diagnostic biases. Despite the use of structured ED record and quality assurance databases that captured all severe adverse events occurring in the ED, ETI complications may have been missed, underestimated, or misclassified. To mitigate this limitation, in the analysis of ETI-related adverse events information on the presentation time was masked. Because alternative techniques such as video laryngoscopy and fiber-optic intubation differ substantially from direct laryngoscopy, this population was excluded from the analysis. Although the excluded Fig. 1 ) and the backgrounds similar, there is a possibility of selection bias. Second, as with any observational study, an association between presentation time and ETI complications may be confounded by other factors. Although adjustments were made for previously known confounding factors using a logistic regression model, there may have been other, unmeasured confounders. For example, whether the ETI was truly emergent or preventive may have affected both ETI success rate and ETIrelated adverse events [11] . However, our database did not record this variable. That the adjustment for ETI complications was incomplete was also possible, because our sample size was small and prevented more rigorous adjustment. Third, while our ED is typical of a Japanese community ED, as with any single-center study it may not be possible to extrapolate our findings to other medical institutions, especially those abroad or that are well-resourced. Fourth, off-duty ED physicians are not required to remain in house, but they often stay until late at night. This fact was not considered in our study, as our database did not include information regarding the true number of participating ED physicians, but it may have affected care and outcomes. However, this study also had several strengths. First, it provided objective information on an association between offhour presentation and ETI complications in trauma patients with inhalation burns, comminuted facial traumas, and penetrating neck injuries. To the best of our knowledge, this study is the first to analyze this relationship in these important subsets and thus to provide relevant information regarding DAM in the trauma population. Second, because we used pre-specified ED records and our department has a rigorous peer review process supervised by its director, there were no missing data. We therefore believe that our study provides an accurate depiction of advanced airway management in trauma patients with a predicted difficult airway. The information presented herein should be taken into account by medical providers who manage trauma patients or participate in DAM, as well as by hospital administrators and policy-makers.
Conclusion
In the preset study, conducted in a Japanese community ED, off-hour presentation was independently associated with ETI-related adverse events in trauma patients with a predicted difficult airway, including those with inhalation burns, comminuted facial traumas, and penetrating neck injuries. Our data highlight the need for care providers who participate in emergency airway management to be aware of this disadvantage and to therefore be more vigilant regarding the potential for respiratory failure in ED patients treated during nights and weekends.
They also imply the need to improve hospital-wide DAM coverage systems to provide consistent care during nights and weekends.
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